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WntIn this review on the transport of glycosylphosphatidylinositol-anchored proteins (GPI-APs), we focus on
events that occur in the endoplasmic reticulum after the transfer of GPI to proteins. These events include
structural remodeling of both the lipid and glycan moieties of GPI, recruitment of GPI-APs into ER exit
sites, association with the cargo receptor, p24 protein complex, and packaging into COPII coated transport
vesicles. Similarities with the transport of Wnt proteins are also discussed. This article is part of a Special
Issue entitled: Functional and structural diversity of endoplasmic reticulum.
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Many eukaryotic cell surface proteins are attached to the outer
leaﬂet of the plasma membrane by a glycolipid tail, termed the
glycosylphosphatidylinositol (GPI)-anchor, which is covalently linked to
the carboxyl-terminus. There are more than 150 different GPI-anchored
proteins (GPI-APs) in mammalian cells. GPI-APs include hydrolytic
enzymes, receptors, adhesion molecules, complement regulatory
proteins and prion protein [1].
GPI is synthesized on the endoplasmic reticulum (ER)membrane in a
reaction involving 11 steps that is initiated by the transfer of
N-acetylglucosamine to phosphatidylinositol (PI). The structure of GPI
that is transferred to proteins is EtNP-6Manα2(EtNP-6)Manα6(EtNP-2)
Manα4GlcNα6(acyl-2)myo-inositol-phospholipid (where EtNP is etha-
nolamine phosphate, Man is mannose and GlcN is glucosamine). The
phospholipid part of mammalian GPI is primarily 1-alkyl,2-acyl glycerol
or diacylglycerol. The GPI is transferred to proteins on the luminal side
of the ER membrane by GPI transamidase (TA) (Fig. 1A). TA recognizes
a GPI attachment signal sequence at the C-terminus and exchanges it for
GPI by transamidation. The newly formed C-terminus is amide-linked, endoplasmic reticulum exit
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rights reserved.to EtNP on the third, non-reducing terminal Man. The biosynthesis of
GPI-APs has been recently reviewed [2,3].
The GPI-APs are then transported to the cell surface via the secretory
pathway through the Golgi apparatus [3]. ER-to-Golgi transport of
GPI-APs is mediated by COPII coated vesicles [4]. Because GPI-APs are
inserted into the luminal leaﬂet of the ER by the lipid moiety, special-
ized cargo receptors are needed for their efﬁcient transport from the
ER. After attachment of the GPI anchor to proteins by GPI TA, two struc-
tural remodeling reactions occur in the ER before transport to the Golgi.
This remodeling of GPI is required for efﬁcient ER-to-Golgi transport.
2. Structural remodeling of the lipid moiety of GPI-AP
The ﬁrst structural remodeling step is the removal of the acyl chain
from the inositol-ring. Early in GPI biosynthesis, a palmitate ormyristate
chain is added to the second position in the inositol ring by PIG-W, an
ER-associated multi-transmembrane acyl transferase [5]. The presence
of the acyl chain on the inositol-ring is required for the transfer of
EtNP to the third Man [5,6], which is performed later in the biosynthetic
pathway by GPI ethanolamine-phosphate transferase III, a complex of
PIG-O and PIG-F (Fig. 1A). The EtNP linked to the third Man acts as a
bridge between theGPI-anchor and the C-terminus of the target protein.
Once GPI is attached to proteins, the inositol-linked acyl chain is quickly
eliminated in most cell types except erythrocytes. Removal of the acyl
chain is mediated by PGAP1 (Post GPI anchor Attachment to Protein
1) [7]. PGAP1 is a multi-transmembrane serine-hydrolase expressed
widely in the ER. The PGAP1-mediated inositol deacylation is necessary
for efﬁcient ER-to-Golgi transport, i.e., in PGAP1-defective CHO cells,
ER-to-Golgi transport of CD55 (DAF), a GPI-AP, was four to six times
slower [7] (Fig. 1A).
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Fig. 1. Biosynthesis, attachment to proteins and structural remodeling of GPI in the ER, and packaging of remodeled GPI-AP into COPII coated transport vesicles in mammalian cells.
(A) GPI anchor is synthesized in the ER. During biosynthesis, PIG-W adds acyl chain to inositol, PIG-O/PIG-F complex adds EtNP to the third Man, and PIG-G/PIG-F complex adds
EtNP to the second Man. GPI is then attached to proteins by GPI transamidase (TA). Remodeling of lipid and glycan moieties mediated by PGAP1 and PGAP5, respectively, is required
for efﬁcient transport of GPI-AP from the ER. (B) Remodeled GPI-AP is associated with its cargo receptor, p24 complex. The p24 complex consists of p24α2, p24β1, p24γ2 and
p24δ1. Stoichiometry and how these p24 subfamily proteins are organized in a complex are unknown. In the ERES, prebudding complexes consisting of Sar1, Sec23 and Sec24 as-
sociate with cytoplasmic domains of p24 proteins, which contain COPII biding motif. Among the four isoforms of Sec24, isoforms C and D are required for GPI-AP transport. To the
inner coat generated by the prebudding complexes, the outer coat units consisting of Sec13 and Sec31 associate generating COPII coated vesicles. *, binding motif for COPII coat
Sec24 proteins; +, binding motif for COPI coat proteins.
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biosynthesis in the yeast, Saccharomyces cerevisiae. A PIG-W homolog
termed Gwt1p [8] and the PGAP1 homolog Bst1p [7] mediate these re-
actions, respectively (Fig. 2A). Similar to PGAP1-defective CHO cells,
ER-to-Golgi transport of Gas1p, a GPI-AP, is delayed in bst1-defective
yeast cells, suggesting that the requirement of inositol deacylation for
efﬁcient ER-to-Golgi transport of GPI-AP is a common feature among
different organisms.
On erythrocytes, GPI-APs contain an inositol-linked acyl chain,
and therefore three fatty chains are inserted into the membrane
[9,10]. The additional acyl chain is thought to provide the more sta-
ble membrane-anchoring required for this very long-lived cell type
in which new protein synthesis is terminated. The three-chain
form of GPI-AP is resistant to cleavage by bacterial PI-speciﬁc phos-
pholipase C because of the requirement for a hydroxyl group at the
second position in inositol for the enzyme reaction [1].
3. Structural remodeling of the glycan moiety of GPI
The second structural remodeling step is the removal of the EtNP
side-branch from the second Man mediated by PGAP5 [11]. The EtNP
side branch is added to the second Man by GPI ethanolamine-phosphate transferase II, which consists of PIG-G and PIG-F, immedi-
ately before attachment to proteins [12] (Fig. 1A). PGAP5 was identi-
ﬁed as the gene mutated in a mutant CHO cell in which the
ER-to-Golgi transport of GPI-APs was delayed [11]. PGAP5 has one or
two transmembrane domains and a large luminal domain with se-
quence homology to di-metal binding phosphatases. In the PGAP5 mu-
tant cells, the EtNP side-branch remained in GPI-APs expressed on the
cell surface and puriﬁed PGAP5 could remove the EtNP from GPI in
vitro, which is Mn2+-dependent [11]. In the PGAP5-defective mutant
cells, GPI-APs did not enter into ER-exit sites (ERES) efﬁciently, indicat-
ing that PGAP5-mediated removal of the side-branch is required
for efﬁcient recruitment into ERES and subsequent ER-to-Golgi trans-
port [11,13]. This side-branch is therefore a transient structure of
GPI-anchors. PGAP5 is expressed in the Golgi, ERGIC (ER-to-Golgi inter-
mediate compartment) and the ER. Although PGAP1 is distributed
widely in the ER [7], PGAP5 is mainly localized at ERES in the ER
[11]. Therefore, it appears that the ﬁnal structural remodeling of
GPI-AP may occur at the ERES, i.e., GPI-AP biosynthesis in the ER may
be completed in the ERES.
S. cerevisiae has two homologs of PGAP5, Ted1p and Cdc1p. ER-
to-Golgi transport of Gas1p is inefﬁcient in ted1mutant yeast [14], in-
dicating that Ted1p has a similar function to PGAP5 (Fig. 2A).
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Fig. 2. Biosynthesis, attachment to proteins and structural remodeling of GPI, and transport of GPI-AP from the ER in yeast Saccharomyces cerevisiae. (A) During biosynthesis of GPI
in the ER, Gwt1p adds acyl chain to inositol, Gpi13p/Gpi11p complex adds EtNP to the third Man, and Gpi7p/Gpi11p complex adds EtNP to the second Man. GPI is then attached to
proteins by GPI transamidase (TA). Lipid remodeling mediated by Bst1p, Per1p and Gup1p is required for efﬁcient transport from the ER. Ted1p and Cdc1p are likely involved in
glycan remodeling, and Ted1p is required for efﬁcient transport. Cwh43p is involved in generation of ceramide form of GPI. (B) Remodeled GPI-AP is associated with its cargo re-
ceptor, p24 complex. The p24 complex consists of Erp1p, Emp24p, Erp2p and Erv25p. Stoichiometry and how these p24 subfamily proteins are organized in a complex are un-
known. In the ERES, prebudding complexes consisting of Sar1p, Sec23p and Sec24p associate with cytoplasmic domains of p24 proteins, which contain COPII biding motif.
Among the three isoforms of Sec24, Lst1p is required for GPI-AP transport. To the inner coat generated by the prebudding complexes, the outer coat units consisting of Sec13p
and Sec31p associate generating COPII coated vesicles. *, binding motif for COPII coat Sec24 proteins; +, binding motif for COPI coat proteins.
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mutant yeast, Cdc1p is a Mn2+-dependent ER membrane protein [15],
and CDC1 genetically interacts with PER1 and GUP1 [15,16], both of
which are involved in GPI fatty acid remodeling in the yeast ER in that
an sn2-linked fatty acid, usually C18:1, is replaced by a C26:0 fatty acid.
Per1p is most likely GPI phospholipase A2 [17] and Gup1p is a C26-
acyltransferase [18] involved in this fatty acid remodeling (Fig. 2A). In
per1 and gup1 mutant yeasts, transport of Gas1p is delayed, suggesting
that Cdc1p is also involved in efﬁcient ER-to-Golgi transport of Gas1p
and is a functional homolog of PGAP5. Similar fatty acid remodeling oc-
curs in mammalian cells in that sn2-linked unsaturated fatty acid is ex-
changed for stearic acid. This reaction, however, occurs in the Golgi
rather than in the ER in mammalian cells [19,20]. Although the basis for
the presence of two PGAP5 homologs in yeast has not been clariﬁed, it
may be related to the fact that S. cerevisiae has two lipid forms of GPI an-
chors, diacylglycerol and ceramide [21]. The ceramide form of GPI is gen-
erated from the diacylglycerol form by the action of Cwh43p [22,23]
(Fig. 2A).4. Association of GPI-APs with the cargo receptor, p24
protein complex
GPI-APs are transported to the Golgi via COPII coated transport vesi-
cles [4]. Because GPI-APs are inserted only into the luminal leaﬂet of the
lipid bilayer of the ER membrane and do not directly associate with
COPII coat proteins on the cytoplasmic side, recruitment of GPI-APs into
COPII coated vesiclesmust be dependent on transmembrane cargo recep-
tors. Initial evidence for a cargo receptor of GPI-APs was obtained in a
yeast system (Fig. 2B). Two transmembrane proteins, Emp24p [24] and
Erv25p [25], abundant in COPI and COPII coated vesicles, were required
for efﬁcient ER-to-Golgi transport of Gas1p. Emp24p and Erv25p are
members of the p24 family of proteins and form a complex. The p24 fam-
ily proteins are thought to be involved in the generation of COPI coated
vesicles in the Golgi and cargo selection and recruitment into COPII coat-
ed vesicles in the ER [26]. Subsequently, two other p24 family members,
Erp1p and Erp2p, were shown to be partners of Emp24p and Erv25p and
to be required for efﬁcient ER-to-Golgi transport of Gas1p [27]. The
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ment in the vesicular transport of Gas1p were shown by chemical
cross-linking of Emp24p and Erv25p with Gas1p in ER-derived vesicles
and by inhibition of Gas1p-containing COPII vesicle formation by anti-
Emp24p antibody [28].
Later, the requirement of p24 proteins for efﬁcient ER-to-Golgi trans-
port of GPI-APs was demonstrated in mammalian systems by p23/p24δ1
gene knockdown experiments [29,30]. Four p24 proteins, p25/p24α2,
p24/p24β1, p28/p24γ2 and p23/p24δ1, were co-immunoprecipitated
withGPI-APs during ER exit [13] (Fig. 1B). This association of p24proteins
was seen only with properly remodeled GPI-APs; i.e., p24 proteins were
not co-precipitated with GPI-APs derived from CHO cell mutants defec-
tive in PGAP1 or PGAP5, indicating that structures in both the lipid and
glycan moieties of GPI are critical for association with p24 proteins and
efﬁcient transport [13].
The four mammalian p24 proteins represent the four p24 subfam-
ilies,α, β, γ and δ, and yeast Erp1p, Emp24p, Erp2 and Erv25 also repre-
sent theα, β, γ and δ subfamilies, respectively [26]. It appears therefore
that four p24 subfamily proteins are involved. Together with reports
suggesting hetero-oligomer formation among p24 proteins [27,31],
these results suggest that four members of the p24 family act together
as a cargo receptor for GPI-APs by forming a complex. While it is likely
that the complex is a tetramer or larger, the exact composition of the
complex and how these components interact with each other in the
complex are currently unclear.
All p24 proteins have a similar domain organization consisting of
an N-terminal signal sequence, a luminal domain termed the GOLD
domain (for GOLgi Dynamics) [32], a helical region with a central
coiled-coil domain, a transmembrane domain and a short cytoplas-
mic domain [26] (Figs. 1B, 2B). The GOLD domain consists of multi-
ple β strands that most likely form two layers of anti-parallel β
sheets, as shown in a GOLD domain of Sec14-like protein by X-ray
crystallography [33]. The GOLD domain may associate with luminal
cargo molecules, while the coiled-coil domain may be involved in
oligomeric complex formation [31]. The cytoplasmic domains of all
p24 proteins have conserved motifs that associate with the COPI
coat protein, γ-COP, and the COPII coat protein, Sec24 [26,34]. It
was recently reported that the transmembrane domain of p24/
p24β1, more speciﬁcally, its cytoplasmic half, selectively binds to
sphingomyelin with a C18-fatty acyl chain. The authors identiﬁed a
signature sequence within the cytoplasmic region of the transmem-
brane domain involved in this interaction [35]. The selective associ-
ation of p24/p24β1 with particular species of sphingomyelin occurs
in COPI coated vesicles. Whether it occurs in the ER and/or COPII
coated vesicles is not known.
In yeast COPII vesicles, Gas1p and other GPI-APs such as Yps1p,
CcW14p and Cwp2pwere cross-linked to both Emp24p and Erv25p, in-
dicating that these GPI-APs are in close contact with these two p24
proteins [28,36]. However, the protein regions of GPI-APs are so het-
erogeneous that the common GPI anchor portion seems to be the
main determinant of cargo receptor recognition. As described above,
GPI-APs associated with p24 proteins only after remodeling by PGAP1
and PGAP5, suggesting that both the lipid and glycan moieties are rec-
ognized by the cargo receptor. Whether the transmembrane domains
of p24 proteins other than p24/p24β1 have lipid-binding activity is in-
teresting with respect to GPI anchor recognition. The GPI glycan moiety
may be recognized by the GOLD domain and/or the helical region.
The functional signiﬁcance of the hetero-oligomeric structure of the
p24 cargo receptor is unclear. Although the four p24 subfamily proteins
share common domain organizations, sequence homology between the
proteins is not very high, with only around 20–30% identity and 40–50%
similarity, suggesting that each subfamily protein has a distinct rather
than a redundant role in the complex. In mammalian systems, the β
and δ subfamilies have only one member, the α subfamily has 3 mem-
bers and the γ subfamily has ﬁve members [37]. Although there are
three members of the α subfamily, p24α1 is expressed only in thepancreas in mice and it is a pseudogene in humans [37], and p24α2
and p24α3 are very similar proteins that share 83% amino acid identity
and 94% similarity. Therefore, the α, β and δ subfamilies are almost in-
variant in different cell types. In contrast, γ subfamily members are var-
iable with 22–70% amino acid identity, and they may introduce
heterogeneity into the complexes. It seems likely that the
cargo-binding speciﬁcity of the p24 complex is determined by which γ
subfamily protein is used. Among the ﬁve γ members, p28/p24γ2 was
co-immunoprecipitated with GPI-APs [13], raising the possibility that
the p24γ2 protein determines GPI-binding speciﬁcity. In S. cerevisiae,
the β and δ subfamilies each also have only one member, i.e., Emp24p
and Erv25p, respectively. The α subfamily has three members, Erp1p,
Erp5p and Erp6p, and the γ subfamily also has three members, Erp2p,
Erp3p and Erp4p [26]. Therefore, both subfamilies may be involved in
cargo speciﬁcity determination, suggesting that Erp1p or Erp2p acts to
speciﬁcally recognize GPI-AP.
5. Packaging into COPII coated transport vesicles
The concentration of cargoes into COPII coated vesicles is dependent
upon the association of cargo-bearing cargo receptors with the pre-
budding complex consisting of Sar1p, Sec23p and Sec24p that ultimately
generates the inner layer of the COPII coat [38]. Sec24p has binding sites
for cargo receptors [39,40]. In yeast, three Sec24p isoforms exist and
among them, Lst1p is required for efﬁcient transport of Gas1p [41] and
has a binding site for the cytoplasmic domains of p24 proteins [36,39].
Moreover, disruption of the p24 binding site in Lst1p resulted in slow
ER-to-Golgi transport of Gas1p [36] (Fig. 2B). Four Sec24 isoforms,
Sec24A to D, exist in mammalian systems [42,43] and among them,
Sec24C and D are required for efﬁcient ER-to-Golgi transport of CD59
[30] (Fig. 1B). Whether Sec24C, Sec24D or both have a binding site for
the COPII binding motif of p28/p24γ2 is yet to be determined. These
lines of evidence suggest that speciﬁc inner COPII coat complexes are
used for packaging p24 complexes bearing GPI-APs into vesicles.
The outer layer of the COPII coat consists of Sec13p and Sec31p
complexes that form a polyhedral lattice-like coat by linking with
each other [44–46] (Figs. 1B, 2B). Sec31p has a β-propeller domain,
an α-solenoid domain, and in between a region termed the domain
insertion motif, which corresponds to an additional β-blade. Sec13p
consists of six β blades with a partial β-propeller domain structure.
In each Sec13p–Sec31p complex, Sec13p is associated with the do-
main insertion motif, generating a second β-propeller domain be-
tween the β-propeller and the α-solenoid domains of Sec31p. Two
Sec13p–Sec31p complexes make a rod-like unit corresponding to an
edge of the lattice [44] and Sar1p–Sec23p–Sec24p inner coat units
are associated with the outer coat at the lattice vertices [45,47]. The
association of Sec13p with Sec31p is thought to increase the rigidity
of the rod, which is probably critical for generating membrane curva-
ture during vesicle formation [48]. The SEC13 gene is essential for
yeast growth, which may be due to insufﬁcient transport of some crit-
ical cargoes required for growth. Sec13p may be required to clear
some hurdle for the efﬁcient formation of COPII coated vesicles. Mu-
tations in the bst genes, for bypass-of-sec-thirteen, can suppress the
temperature sensitivity of a sec13 mutant [49]. BST1, which encodes
an inositol deacylase, is the prototypical bst gene. Three p24 genes in-
volved in Gas1p transport, EMP24, ERV25 and ERP1, are also bst genes
[27,49]. More recently, two other genes, PER1 and TED1, involved in
GPI remodeling in the ER were also shown to be bst genes [48]. If
such a hurdle is generated by GPI-APs and/or p24 complexes, it is
conceivable that alteration of the GPI-anchor structure or a lack of
p24 proteins may result in elimination of the hurdle and hence rescue
of growth. The authors proposed that bulky luminal portions of GPI-
APs and p24 proteins may form an opposite curvature against vesicle
formation, and that Sec13p is required to overcome this by forming a
rigid rodwith Sec31p to assemble the outer coat layer [48]. If complexes
of GPI-APs and p24 proteins are not formed owing to defective GPI
2477T. Kinoshita et al. / Biochimica et Biophysica Acta 1833 (2013) 2473–2478remodeling or the lack of a member of the p24 family, such opposite
membrane curvature may not be formed, and hence less rigid rods
made by Sec31p alone may be sufﬁcient to form vesicles [48].
6. Segregation of GPI-APs from other cargoes by different ERES in
yeast: lipid-mediated mechanism
GPI-APs such as Gas1p and Yps1p, and other cargo proteins such
as Gap1p and alkaline phosphatase, were packaged into different
ER-derived vesicles in an in vitro budding system, suggesting that
GPI-APs are sorted from other proteins in the ER [50]. Consistent
with this, in sec31-1 mutant yeast in which ERES can be visualized
as dot structures, GPI-APs were found in ERES different from those
for other proteins, such as Hxt1p and pro-α-factor [51]. Taken togeth-
er with the requirement for the special Sec24 isoform, Lst1p [41], and
its association with the p24 complex [36] for efﬁcient Gas1p trans-
port, it seems that GPI-APs are packaged into specialized COPII coated
vesicles in a speciﬁc ERES in yeast [51]. It was shown recently that
GPI-APs are recruited into ERES in the absence of Emp24p [36]. There-
fore, there must be a cargo-receptor-independent mechanism of GPI-
AP recruitment into ERES in yeast.
It is known that ceramide synthesis is required for efﬁcient ER-
to-Golgi transport of GPI-APs in yeast [52–54]. Yeast ceramide mostly
has a very long chain C26 fatty acid. Yeast GPI-APs undergo fatty acid
remodeling that incorporates a C26 chain into the sn2 position of PI,
and some of the GPI-APs are subjected to further remodeling into
inositolphosphoceramide forms that bear C26 fatty acids (reviewed
in [21]) (Fig. 2A). In yeast, a detergent-resistant membrane is formed
in the ER [55]. It was proposed that very long fatty chains present in
both yeast ceramide andGPI-APsmight facilitate association of thesemol-
ecules with putative speciﬁc ERES, which might contain microdomains
with detergent-resistant characteristics [51] (Fig. 2B).
Whether segregation of mammalian GPI-APs from other cargoes oc-
curs in the ER andwhether lipids play a speciﬁc role in ER-to-Golgi trans-
port of GPI-APs in mammalian system have not been clariﬁed. It was
reported that in mammalian systems, GPI-APs are not segregated from
other cargoes in the ER and that ER-to-Golgi transport of GPI-APs is inde-
pendent of sphingolipid biosynthesis [56]. In contrast, it has also been
reported that mammalian GPI-APs use raft-likemicrodomains for ER ex-
port because association of GPI-APs with p24 proteins requires choles-
terol [30]. The latter report raised the possibility that ERES for transport
of GPI-APs might have a speciﬁc lipid composition. It was reported re-
cently that a defect in GPI biosynthesis or ER-to-Golgi transport affected
the levels of very long chain (C22 and C24) monoglycosyl ceramides in
CHO cells [57], further implying a relationship between GPI-AP transport
and glycosphingolipid biosynthesis or transport inmammalian cells. Fur-
ther studies are needed to clarify whether lipids play speciﬁc roles in the
ER-to-Golgi transport of mammalian GPI-APs.
7. Relationship to the transport of Wnts, another group of
lipid-modiﬁed proteins
Disruption of the PGAP1 gene inmice caused abnormal development
characterized by otocephaly,malformation of head, and a high frequency
of perinatal death. Survivingmaleswere infertile because of defective as-
cension of mutant sperm into the oviduct [58]. It has also been reported
that the gene responsible for the otoxray (oto for otocephaly) mutant
mouse strain, generated by X-ray-mediated mutagenesis, is PGAP1
[59]. The authors concluded that oto/PGAP1 is involved in the mod-
iﬁcation of Wnt1 by a GPI-like glycolipid to create a hydrophobic
Wnt1 that is retained in the ER, and that PGAP1-deﬁciency caused
hyper Wnt1 activity because of decreased ER-retention, leading to
otocephaly, a condition compatible with hyper activity in Wnt sig-
naling. The exact structure of the proposed GPI-like modiﬁcation of
Wnt1 is unclear. Whether PGAP1 has these two very different func-
tions, inositol deacylation and GPI-like modiﬁcation, needs to beclariﬁed. Another possible interpretation of hyper Wnt signaling
under PGAP1-deﬁciency may be that Wnt1 and GPI-AP compete
for some factor necessary for their ER-to-Golgi transport, and that
decreased GPI-AP transport results in more efﬁcient transport of
Wnt1.
It was reported recently that p24 proteins are required for transport
of Wnt proteins in Drosophila [60,61] and in mammalian cells [61]. Of
particular interest in relation to GPI-AP transport is that knockdown
of p28/p24γ2 in human 293 T cells resulted in inefﬁcient secretion of
Wnt1 [61], suggesting that a similar p24 protein complex may be used
for ER-to Golgi transport of Wnt1 and GPI-AP. Both Wnt1 and GPI-APs
are anchored to the luminal leaﬂet of the ER membrane by fatty chains
only. Wnt has two fatty acids, palmitic acid and palmitoleic acid, which
are linked to speciﬁc cysteine and serine residues, respectively [62,63].
The palmitoleic chain on Xenopus Wnt8 was recently shown to be in-
volved in its associationwith theWnt receptor, mouse Frizzled-8, by in-
teraction with a cavity in Frizzled-8 [64]. Therefore, the palmitoleic
chain is free from membrane lipids after secretion. Whether either of
the two fatty acids of Wnt directly interacts with p24 proteins in the
ER or during transport from the ER is not known. If it is true, such an as-
sociation would be possible with the luminal half of a transmembrane
domain of p28/p24γ2 or other p24 proteins. These results raise the
possibility that GPI-APs andWnt proteins use similar p24 complexes
bearing p28/p24γ2 and might compete for p28/p24γ2. Under such
conditions, PGAP1-deﬁciency may lead to higher availability of cargo
receptors for Wnt, leading to a hyper Wnt phenotype.8. Concluding remarks
Two major groups of lipid-modiﬁed proteins, GPI-APs and Wnt
proteins, are transported from the ER to the Golgi in a similar way.
Whether these specialized cargoes are transported in the same vesicles
and whether they are segregated from other cargoes upon ER exit are
not clear. Whether lipids play a functional role in the ER-to-Golgi trans-
port of GPI-APs in mammalian cells is also not clear. These interesting
questions remain to be answered.Acknowledgements
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